Design Ideas 


Single IC adds analog inputs to digital PLC 

Steve Hageman, Calex Manufa zturing Co, Concord, CA 



;Many low-cost programrr able logic controllers 
! (PLCs) are digital only and have relay outputs, 
debounced digital inpuls, and one or more 
' counter inputs. The circuit n Fig 1 adds four 8-bit 
analog inputs to even the most b; sic PLC. The design 
requires a PLC with just two digital c utputs and one high- 
speed (>5 kHz) counter input. The circuit is based on 
Microchip Technology's (Chandler, A2 ) PIC 16C71 RISC pC, 
This fxC has a four-channel, 8-bit ADC and an 8-bit digital 
I/O port. The digital I/O port has built in pullup resistors, so 
direct interface to relays is possible. 

The PIC operates by sensing a low-ti >-high change on the 
RBO input. This change causes a wake-u ) interrupt in the PIC. 
After some suitable debounce interva (50 msec), the PIC 
selects A/D channel 0, 1, 2, or 3, depending on the address 
at RBO and RBI. The PIC sets the chann ?1, waits for the input 
multiplexer to settle, and reads the ADC 's result. The PIC has 
converted the analog input to a 0-to-255 digital byte. 

The PLC's counter input now helps transfer this digital 
value into the PLC. The PIC shifts out :he digital code as a 
string of pulses at 5 kHz. The pulse train is to 255 counts 
long, depending on the value of the sampled A/D channel. 
The following equation translates the di *ital count to a volt- 
age: 

Voltage input=digital codexD.0195. 


So, if the PLC reads a value of 130 from the counter after a 
conversion, the voltage on that channel is 2.53V 
(130x0.0195). 

At a 5-kHz transfer rate, it may take up to 51 msec to com- 
pletely transfer all 255 counts to the PLC's counter. After a 
complete transfer, the PIC waits for a low-to-high transition 
on the RBO input pin to restart the process. Fig 2 is a flow dia- 
gram of the PLC's program. 

If a convenient 5V source isn't available for powering the 
PIC (j.C, you can drive the circuit using the optional power 
supply in the Fig 2. A 9V alkaline battery can continuously 
power the circuit for over 250 hours. Longer life is possible if 
you use a PLC-relay output to switch the power on and off. 
For long term, unattended operation, you can substitute a 9V 
wall-cube transformer from Radio Shack for the 9V battery. 

The PIC was programmed in C, using a low-cost C com- 
piler. Even using a high-level language such as C, this inter- 
face program consumes only about one-quarter of the PIC's 
1 -kbyte available program space. The ZIPfile attached to EDN 
BBS /DLSIG #1701 contains the HEX object file to program 
your own PIC, along with the C source code. (DI #1701) 
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OPTION/ L POWER SUPPLY 
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NOTES: - 

C,, C 2 ARE 0.1 nF TYP FOR DEBOUNCE. 
R<10k, TYPICALLY 4.7k FOR ESD PROTECTION 
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Figure 2 
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This circuit adds four 8-bit ana 


ist basic PLC. 


This PLC program Interfaces with the 
PiC ^C. 
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